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Background: To assess the knowledge, attitude, and practice of ergonomics among dental professionals
of HublieDharwad twin cities, India.
Methods: Investigator-developed, self-administered, closed-ended questionnaire assessing knowledge,
attitude, and practices regarding ergonomics during dental practice was ﬁlled in by undergraduates,
house surgeons, postgraduates, and faculty members of dental institutions and private practitioners from
HublieDharwad twin cities.
Results: Data were collected from a total of 250 participants, 50 belonging to each academic group.
Overall mean knowledge, attitude, and practice scores were 52%, 75%, and 55%, respectively. Signiﬁcant
correlation was found for age with attitude (c2 ¼ 10.734, p ¼ 0.030) and behavior (c2 ¼ 12.984,
p ¼ 0.011). Marital status was signiﬁcantly associated with all the three domains; knowledge
(c2 ¼ 29.369, p ¼ 0.000), attitude (c2 ¼ 29.023, p ¼ 0.000), and practices (c2 ¼ 13.648, p ¼ 0.009).
Conclusion: Participants had considerable awareness and behavior toward ergonomics in dental practice.
The high attitude score indicates stronger acceptance of ergonomics principles and guidelines during
routine dental procedures. The current study highlights the situation of ergonomics in dental practice in
the form of knowledge, attitude, and practices.
 2014, Occupational Safety and Health Research Institute. Published by Elsevier. All rights reserved.1. Introduction
Ergonomics is the scientiﬁc study of people and their working
conditions, especially done in order to improve effectiveness [1]. In
Greek, “Ergo” means work, and “Nomos” means natural laws or
systems. Ergonomics, therefore, is an applied science concerned
with designing products and procedures for maximum efﬁciency
and safety [2]. Dentistry is a profession that generally produces
various musculoskeletal pains and soreness, which are slow to
appear; consequently, the symptoms are usually ignored until they
become chronic and permanent lesions become evident [3]. It ish Dentistry, Sri Dharmasthala Man
i).
erms of the Creative Commons At
ribution, and reproduction in any
l Safety and Health Research Institvery important to maintain an adequate work posture and that the
instruments and furniture that the dentist is working with have
adequate working characteristics [4].
Among the wide range of musculoskeletal disorders, back pain
was the most common among dentists, followed by neck pain, high
muscle tension on the trapezoids, tendinitis, carpel tunnel syn-
drome, nerve trapping, early arthrosis, myopia, and auditive alter-
ations [5].
Pargali and Jowkar [6] in 2010 reported that 73% of dentists
complained of back and neck pain. Even though the practice of four-
handed dentistry and the use of ergonomically well-adjustedjunatheshwara College of Dental Sciences and Hospital, Sattur, Dharwad, Karnataka,
tribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
medium, provided the original work is properly cited.
ute. Published by Elsevier. All rights reserved.
Saf Health Work 2014;5:181e185182equipment are on the rise, literature reports have reported a rise in
back, neck, shoulder, and arm pain, in almost 81% of dental pro-
fessionals [6]. Work-related stress, tension, and awkward postural
positions can add to back and neck problems for the dentist [7e11].
There is always a neutral zone of movement for every joint and
muscle. Injury risks increase whenever work requires a person to
perform tasks with body segments outside of his or her neutral
range in a deviated posture [12].
In Indian scenario, abrupt mushrooming of dental institutions is
occurring. The total number of dental institutions in India is
currently 300. The number of students enrolling for a Bachelor of
Dental Surgery (BDS) degree in various dental institutions across
India is approximately 24,700 [13] and is on the rise.
According to the syllabus for BDS proposed by the Dental
Council of India (DCI), undergraduates are exposed to clinical
working conditions for the very ﬁrst time during the 3rd year of
courses, during which every student undergoes training in various
subjects on a rotating basis for a ﬁxed amount of time. This is the
time during which ergonomics, as a part of the regular curriculum,
should be taught to students, so that its importance in practice is
emphasized and various guidelines followed. For this reason, un-
dergraduates, i.e., both 3rd- and 4th-year BDS students, were
included as study participants.
Most of the graduates end up in private practice and few are
involved in academia; the faculties of dental colleges are also
engaged in private practice [14]. Hence, the dentists who are in
private practice should place special emphasis on ergonomic habits
to improve their longevity. The age of the dentist is closely related
to how many years the dentist has been practicing. One study
observed increasing years of practice to be related to an increased
prevalence of musculoskeletal problems [15]. Female dentists
outnumber males [16], and the literature suggests that they are
more likely than men to experience musculoskeletal pain [17].
Therefore, education is needed regarding various musculoskeletal
problems that occur because of unhealthy postural habits during
delivery of oral health services, and preventive and corrective
measures for healthy lifestyles during professional practice should
be promoted. In the Indian set-up there is a severe dearth of liter-
ature evaluating knowledge, awareness, and practices among
dental professionals regarding optimal postures at the time of
rendering oral health services. Therefore, the current observational
survey was conducted to evaluate the awareness, attitudes, and
practice of ergonomics during routine dental procedures among
undergraduates, house surgeons, postgraduates, faculty members
of Sri Dharmasthala Manjunatheshwara (SDM) College of Dental
Sciences and Hospital, Dharwad, Karnataka, India and private
practitioners of HublieDharwad twin cities, India.
2. Materials and methods
The study was conducted among undergraduates (3rd- and 4th-
year BDS students), house surgeons, postgraduates, and faculty
members and private practitioners of the aforementioned private
dental college and cities. Ethical clearance was obtained from the
Ethical Review Committee of the Institutional Review Board of SDM
College of Dental Sciences and Hospital. The head of the institution
and other faculty members were informed about the purpose of the
study and their permissions obtained. The study population con-
sisted of 50 each from a group of undergraduates, house surgeons,
postgraduates, and staff attending the institution and private
practitioners, practicing in HublieDharwad twin cities, through a
convenient sampling method.
The questionnaire was investigator developed, self-adminis-
tered, and closed-ended. The undergraduates, house surgeons,
postgraduates, and staff were gathered in a lecture hall and one ofthe authors gave instructions regarding the purpose of the survey
and completion of the survey questionnaire. Study participants
were given a format consisting of informed consent, instructions,
and the questionnaire. They were given 1 hour to complete the
questionnaire.
Private practitioners were approached by the same author
(S.K.) who gave the instructions to the rest of the study partic-
ipants at their clinics. The purpose of the survey was explained
and those who gave consent for participation in the study were
included. The items for the questionnaire were generated from
four sources: theory, research, observation, and expert opinion
[18]. The questionnaire consisted of a total of 37 items with 21,
eight, and eight items assessing knowledge, attitude, and
behavior, respectively. Attitude was assessed on a ﬁve-point
Likert scale: deﬁnitely yes, yes, neutral, no, and deﬁnitely no. The
response options for behavior were also assessed on a ﬁve-point
Likert scale as follows: < 1 month, 1e6 months, 6e12 months,
> 1 year, and never (for the ﬁrst 2 items) and always, very often,
often, rarely, and never (for items 3e8). Knowledge was assessed
by a total of 21 questions on ergonomics that focused on prin-
ciples of ergonomics in routine dental procedures such as cavity
preparation, extraction of teeth, and various complications.
Questions related to attitude assessed whether ergonomics
should be part of the dental curriculum, if dentists should follow
the ergonomic principles in routine dental practice, whether the
dental chair and instruments play any role in following ergo-
nomic principles in routine dental practice, whether the dentist
should alternate between sitting and standing between patient
appointments, and whether various dental institutions should
conduct continuing dental education. Questions pertinent to
behavior assessed how frequently the respondents obtained in-
formation related to ergonomics in dentistry either from the
Internet or scientiﬁc journals, used dental loupes for magniﬁ-
cation purposes, made an effort to maintain neutral posture
while working, attended any workshop/lecture on ergonomics in
dental career, or performed stretching exercises in between pa-
tient appointments. The range of possible scores for knowledge,
attitude, and behavior were 0e21, 8e40, and 8e40, respectively.
Correct answers for knowledge questions were given a score of 1
and wrong answers were given a score of 0. Attitude scores
ranged from 5 (deﬁnitely yes) to 1 (deﬁnitely no), and behavior
scores ranged from 5 (< 1 month) to 1 (never). Prior to the start
of the study, the questionnaire was pretested on 50 study par-
ticipants. Cronbach a values for knowledge, attitude, and
behavior were 0.684, 0.784, and 0.810, respectively. The split-
half reliability values for knowledge, attitude, and behavior were
0.791, 0.881, and 0.698, respectively.
The questions underwent subsequent revisions prior to the
main study. The revisions were related to the clarity of 10 questions
of knowledge, and ﬁve and three questions each from attitude and
behavior. The results of the pilot study were not included in the
main study; only the reliability and validity was assessed. The pilot
study participants did not take part in the main study.
The data were entered into the MS Excel (MS Ofﬁce version
2007, Microsoft, Redmond, WA, USA) and Intercooled STATA
version 9.2 (Stata Corp., College Station, TX, USA) was used to
perform statistical analysis. One-way analysis of variance was used
to assess the differences in knowledge, attitude, and behavior
among academic positions. Scheffe’s test was used to assess pair-
wise differences in the knowledge of study participants with
respect to academic positions. Pearson’s correlation analysis was
used to assess associations between knowledge, attitude, and
behavior of study participants. Chi-square test was used to assess
associations of age, sex, religion, and marital status with knowl-
edge, attitude, and behavior of study participants.
Fig. 1. Sex wise distribution of study participants.
Table 2
Knowledge, attitude, and behavior among different academic positions
Academic position knowledge
Knowledge Attitude Behavior
Mean SD Mean SD Mean SD
Undergraduate 11.58 3.42 30.25 5.21 22.04 6.09
House surgeon 7.82 2.81 28.36 3.15 26.86 4.48
Postgraduate 11.84 4.43 31.58 5.62 20.28 5.58
Faculty 11.30 4.37 29.72 5.26 22.30 4.57
Private practitioner 12.40 2.94 31.30 6.50 21.52 6.24
F value 12.318 3.207 14.010
p 0.000 0.014 0.000
Pair-wise comparison using Scheffe test
Knowledge Attitude Behavior
Undergraduateehouse surgeon 0.000* 0.477 0.000*
Undergraduateepostgraduate 0.998 0.806 0.932
Undergraduateefaculty 0.997 0.990 0.114
Undergraduateeprivate practitioner 0.869 0.911 0.387
House surgeonepostgraduate 0.000* 0.045* 0.000*
SD, standard deviation.
* The mean difference is statistically signiﬁcant at 0.05 level by using analysis of
variance test.
Table 3
Pearson correlation analysis of knowledge, attitude, and behavior among
respondents
Knowledge Attitude Behavior
r value p r value p r value p
Knowledge
Attitude 0.399 0.000*
Behavior 0.363 0.000* 0.035 0.582
* Correlation is signiﬁcant at 0.01 levels.
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The questionnaires were completed by a total of 112 male
(44.8%) and 138 female (55.2%) dental professionals belonging to
various academic positions (Fig. 1).
For ease of understanding, responses given by participants were
divided into three categories: good, fair, and poor. The
mean  standard deviation (SD) for knowledge was 10.99  3.98;
for attitude was 30.25  5.21; and for practices was 22.04  6.09.
The most respondents were categorized as fair for all three vari-
ables (Table 1).
Participants’ responses are categorized as good, fair, and poor
based on mean  SD.
The highest scores for knowledge were found in private prac-
titioners (12.40  2.94), for attitude were found in postgraduates
(31.58  5.62), and for practices were found in house surgeons
(26.86  4.48; Table 2). A statistically signiﬁcant difference for
knowledge, attitude, and practices was observed between the
academic positions. Pair-wise comparison using Scheffe post hoc
test revealed that the difference between undergraduateehouse
surgeon, house surgeonepostgraduate, and house surgeonepri-
vate practitioner was signiﬁcant for knowledge and practices.
Between the house surgeons and the postgraduates, a signiﬁcant
difference was observed for all three variables of the study
(Table 2).
Pearson’s correlation analysis was conducted (Table 3), and
showed a positive signiﬁcant correlation of knowledge with atti-
tude (r ¼ 0.399, p ¼ 0.000) and a negative signiﬁcant correlation
with practices (r ¼ 0.363, p ¼ 0.000). Correlation of attitude with
practices was not statistically signiﬁcant (r ¼ 0.035, p ¼ 0.582).
To assess correlation between various sociodemographic vari-
ables with knowledge, attitude, and practices, the Chi-square test
was used (Table 4). A signiﬁcant correlation of age with attitude
(c2 ¼ 10.734, p ¼ 0.030) and practices (c2 ¼ 12.984, p ¼ 0.011) was
observed. Marital status was signiﬁcantly correlated withTable 1
Knowledge, attitude, and behavior of respondents
Variables N %
Knowledge  7 (poor) 50 20
8e14 (fair) 143 57.2
 15 (good) 57 22.8
Attitude  25 (poor) 46 18.4
26e35 (fair) 161 64.4
 36 (good) 43 17.2
Behavior  15 (poor) 45 18
16e28 (fair) 159 63.6
 29 (good) 46 18.4knowledge (c2 ¼ 29.369, p ¼ 0.000), attitude (c2 ¼ 29.023,
p ¼ 0.000), and practices (c2 ¼ 13.648, p ¼ 0.009).4. Discussion
Musculoskeletal pain is a major problem among dental
personnel that affects efﬁciency and job satisfaction; the prime
reason for this may be attributed to inappropriate workplace er-
gonomics. In the Indian context where numbers of practicing
dentists are steadily increasing, there is a continued increase in
prevalence of musculoskeletal problems. The ergonomically
incorrect and correct positions to work are illustrated in Figs. 2 and
3, respectively. Ergonomics has been always neglected, from both aTable 4
Correlation analysis of demographic variables with knowledge, attitude, and
behavior concerning ergonomics among study participants by using the Chi-square
test
Demographic
variables
Knowledge Attitude Behavior
c2 p c2 p c2 p
Age 3.807 0.433 10.734 0.030* 12.984 0.011*
Sex 0.648 0.723 1.131 0.568 2.060 0.357
Religion 7.022 0.319 6.853 0.335 10.046 0.123
Marital status 29.369 0.000* 29.023 0.000* 13.648 0.009*
* Signiﬁcance level at p  0.05, Chi-square test.
Fig. 2. Ergonomically incorrect position to work, leading to excessive bending of the
dentist’s neck.
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addition, ergonomics is not part of the syllabus proposed by the DCI
for both undergraduates and postgraduates [13]; as a result, the
knowledge of ergonomics is disseminated using informal means
only. This necessitates assessment of awareness, attitude, and
practices toward ergonomic principles during routine dental pro-
cedures among dental professionals at different academic posi-
tions; i.e., undergraduates, house surgeons, postgraduates, and
faculty members.
Results showed that knowledge scores were 52%, which are
similar to results found in a study conducted by Garbin et al [19], in
which the knowledge of ergonomics was satisfactory among 55.1%
of dental students; Bârlean et al [20] observed respondents’ self-
perceived knowledge about correct working posture to be 52.6%.
Whereas in the Indian context, the study conducted byMadaan and
Chaudhari [21] regarding overall awareness of ergonomics in
dentistry among 3rd- and 4th-year students and house surgeons,
showed much lower scores (19%) compared to the current study.
The level of attitude found in the current study is 75%, which is a
good reﬂection of acceptability and willingness to adopt the ergo-
nomic principles in routine dental practice by the study
participants.
Compared to attitude scores, the practice scores in the current
study were low, i.e., 55%, but are slightly higher than the 38.6%Fig. 3. Ergonomically correct position to work, resulting in less strain of the dentist’s
neck muscles.found in the study conducted by Mailoa and Rovani [22]. The
slightly higher scores of practices for ergonomics than knowledge
during routine dental practice is probably because of informal
training and years of clinical experience leading to self-acquired
optimal neutral posture.
Among the ﬁve different academic positions, the overall mean
knowledge was highest among private practitioners (Table 3),
which can be explained based on the study results of Leggat and
Smith [23] and Akesson et al [24]; that years of clinical experience
and the various musculoskeletal disorders necessitates them to
revise and update their knowledge regarding ergonomics related to
clinical dentistry. The probable reason for the high positive attitude
toward ergonomics among postgraduates compared to other aca-
demic positions could be because of the likelihood of being affected
by various musculoskeletal disorders during undergraduate clinical
working periods. Such high positive attitude not only shows room
for infusion of awareness but also willingness to put this awareness
into practice (Table 3). Among all academic groups, house surgeons
showed highest scores of practices, which could be because of the
strict supervision of faculty where enough emphasis is placed on
ensuring that house surgeons follow ergonomic principles and
guidelines during clinical procedures.
The correlation analysis revealed signiﬁcant positive association
between knowledge and attitude (r ¼ 0.399; Table 4). However,
there was a signiﬁcant negative correlation between knowledge
and practices (r ¼ 0.363). This signiﬁes that despite the presence
of awareness and positive attitude toward ergonomics during
dental procedures, there is a lack of practice of the same. Further-
more, knowledge, attitude, and practice might not share a linear
relationship and additional qualitative studies involving in-depth
interviews are warranted to explore the relationships among these
variables for ergonomics.
Apart from the knowledge, attitude, and practices, the ques-
tionnaire form also comprised certain questions pertaining to
participants’ sociodemographic information such as age, sex,
religion, and marital status. There was a signiﬁcant correlation of
age with attitude and practices (p ¼ 0.030 and p ¼ 0.011, respec-
tively). Ratzon et al [25] explained that, with increasing age, dental
professionals experience more pain and suffering from various
musculoskeletal disorders, leading to subsequent adoption of new
ergonomics practices. A study conducted by Kanteshwari et al [26]
showed no correlation between age and musculoskeletal
problems.
Marital status was found to be signiﬁcantly correlated with all
three domains. According to Wyke and Ford [27], the less negative
behavior of health and a sense of responsibility for family among
married people might have accounted for these positive
correlations.
In the Indian scenario, according to the syllabus proposed by
DCI, ergonomics is not an inherent aspect of each and every disci-
plinary syllabi of dentistry to be followed in a respective manner at
both the under- and postgraduate level [28]. Many textbooks and
academic materials comprise various aspects of ergonomics to be
used during routine dental procedures, but the lack of signiﬁcant
emphasis on these ergonomic principles can be one of the reasons
for the low levels of awareness and practices found in the current
study.
Research conducted to date regarding ergonomics in clinical
dentistry in India has listed some of the important and most
prevalent musculoskeletal disorders, such as low back pain, neck
pain, pain in the wrist and hand joints or shoulder, etc., affecting
full- or part-time dental practitioners. Neck pain, wrist pain, and
back pain are the most common complaints. Thesemusculoskeletal
disorders affect as many as one-third of dental practitioners, and
Muralidharan et al [29] reported that such musculoskeletal
S. Kalghatgi et al / Insights into Ergonomics Among Dental Professionals 185disorders absorb approximately 40% of all costs related to treat-
ment of work-related injuries.
Emerging trends related to thesemusculoskeletal disorders calls
for a need to concentrate more on ergonomic awareness and
practices in clinical dentistry. Also, speciﬁc stretching exercises for
dentists, including those speciﬁcally designed for the trunk,
shoulder girdle, hands, and neck, should be encouraged. Selection
of the dental professional’s stool, patient chair, hand instruments,
etc., should be considered from an ergonomics point of view. Policy
makers such as DCI and syllabus regulatory bodies of health uni-
versities should devise ways to include ergonomics as part of a
syllabus, both theoretically and practically.
The inclusion of only one dental institute and dental pro-
fessionals of only one selected twin city might limit the general-
izability of the study results. The possibility of answering
afﬁrmatively or acquiescence bias, deviation or faking bad bias, and
social desirability or faking good bias, should be considered. Likert
scales might be subjected to the halo effect, positive skew, and end-
aversion bias. Because the current study was questionnaire based,
the representing ability of assessment of awareness, attitudes, and
practices of ergonomics in routine dental procedures may not be an
accurate reﬂection of the current situation.
In conclusion, the current study provides an insight into ergo-
nomics for dental professionals during routine dental procedures.
There is a requirement for the inclusion of ergonomics in the dental
curriculum, and also stressing theoretical knowledge and practical
implication during various dental procedures.
Every dental graduate should receive sufﬁcient knowledge and
training regarding ergonomics to be used during routine dental
procedures, for which DCI can add the topic of ergonomics under
the group of Must Know; the faculty should guide the students on
ergonomic principles and ensure implementation during the clin-
ical hours. Recognition of these musculoskeletal diseases at early
stages and prompt treatment will help in reversing the disease
process and preventing various disabilities.Conﬂicts of interest
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